Background: An impacted tooth is one of the most commonly occurring dental anomalies, although some types of impaction (i.e. inverted angulation) may (Folia Morphol 2019; 78, 1: 214-220) 
INTRODUCTION
An impacted tooth is a fully developed tooth that has failed to erupt and is retained within the bone tissue of the maxilla or mandible [11] . Impacted tooth is one of the most commonly occurring dental anomalies. Frequency varies depending on the source and study population: 4.5% of dental anomalies in modern population of North Karnataka, India [10] , 19 .2% in Jatt, Israel [22] , 26 .2% in Konya, Turkey [28] , 56.5% in Bhopal, India [25] , 48.3% in Ordu, Turkey [1] , 69% in Singapore, China [26] . The most commonly impacted teeth are mandibular and maxillary third molars, followed by maxillary canines [6, 22] .
Tooth impaction is usually classified with regard to the level of impaction and its position -Pell and Gregory's system for mandibular and Archer's for maxillary teeth -as well as angulation -Winter's classification [17, 35] . Classification of the angulation with mean prevalence of each type is presented in Figure 1 . Although frequencies of angulations varies between different study populations, in every publication inverted angulation (classified usually as "other") is the rarest, ranging from 0.1% to 1.8% of impacted teeth [1, 2, 9, 23, 25, 26, 35] .
There are many hypotheses regarding to impaction aetiology. One of the most popular suggests it may result from insufficient space in retromolar space [11] ; however, it is frequently inadequate explanation [12] . Another possible explanation of this phenomenon is the improper angulation of the tooth bud, malposition of the tooth germ or hereditary factors, insufficient interproximal attrition [11] or ectopy [16] which may lead to the wrong path of eruption. Dysfunction of genes necessary for proper tooth eruption, such as CSF-1, OPG, VEGF, RANK, RANKL, BMPs [34] could also result in tooth impaction.
Impacted tooth may be associated with pathological conditions such as: pain, swelling, caries, pericoronitis, bone loss, root resorption of adjacent teeth, suppuration, ulceration at check/tongue, odontogenic cysts and other [6, 35] . Impacted tooth surgical removal is also burdened with risk of alveolar nerve damaging [11] .
The aim of the study was to present the odontological and paleopathological assessment of the impacted molars observed within the skull No. 595 excavated from an early modern cemetery at Czysty Square (pl. Czysty) in Wroclaw. The paper discusses in detail both the biological consequences of the dental anomaly and their impact on the individual's quality of life. 
MATERIALS AND METHODS
The examined cranium belonged to an adult individual whose skeleton was excavated from grave No. 595, at the former Salvator Cemetery (currently Czysty Square). Historical background of the cemetery, its population and artefacts obtained during excavations were described elsewhere [8, 32] . Shortly: this cemetery was established in 1541, next to Salvator Church, the first protestant parish temple of Wroclaw. The cemetery was localised outside the city walls, near southern gate. It was a burial place for the people coming from Grave No. 595 contained a partly preserved skeleton: a complete skull in a good state of preservation (cranium, Cr) with almost total loss of dentition of the maxillae (only the second pair of molars preserved on both sides) and the almost edentulous mandible (Figs. 2, 3) . The skeletal material from Czysty Square necropolis is currently a part of the osteological col- Due to lack of most of the postcranial skeleton, sex of the individual was estimated based on the expression of following morphological features of the skull: nuchal crest, mastoid process, supraorbital margin, prominence of glabella, mental eminence [5] .
Age at death was estimated based on the cranial sutures closure stage [5] and the preserved molars wear pattern [4] .
For morphometric measurements of the skull, we used dedicated standard anthropometric equipment. The measurements (listed in Table 1 ) have been taken according to the technique established by Martin and Saller [21] , which were chosen due to the availability of the comparative data: adult female skulls from Czysty Square in Wroclaw [32] and XVII-XIX century. Warsaw cemeteries [15] . Morphometric parameters were used to calculate indexes described by Martin and Hrdlička-Kočka [20, 21] .
To visualise impacted teeth in the bone structures of the alveolar arches we used the X-ray pantomographic technique (Sirona Orthophos XG5DS 60 kV/ /3 mA apparatus), with exposure time of 14.1 s, and computer tomography scanning with multilevel image analysis without contrast on by Sirona Galileos 3D 85 kV, with an effective radiation dose of 21 mAs. Clinical classifications established by Pell and Gregory or Archer was used to assess the molars retention (for mandibular and maxillary teeth, respectively) and Winter's classification to estimate the position of impacted molar in the maxilla and in core and branch of the mandible [11] .
RESULTS

Age and sex
Most of the analysed morphological features of sexual dimorphism in skull No. 595 were indicative of the female sex (i.e. weakly pronounced supraorbital margins, zygomatic arches, mastoid processes and external occipital protuberance). The closure stage of the cranial sutures corresponded with a form characteristic of a biological age between 20 and 35 years (young adult). This estimation was supported by molars wear analysis.
Morphometrics
Comparison of the metric traits between skull
No. 595 and reference data revealed that it is much smaller than the average female skull from Wroclaw Salvator Cemetery and Warsaw cemeteries (Fig. 4) . In this comparison, skull No. 595 may be considered very short in the g-op axis, quite narrow both in the neurocranial (ft-ft), facial (zy-zy, apt-apt) and palatal (enm-enm) measurements. There was a significant reduction in the length of the alveolar arches (short ol-sta measurement), probably associated with the significantly reduced parameters of the neurocranium and splanchnocranium. Morphometric indices calculated for both neurocranium and viscerocranium (Table 2 ) allowed defining the skull as short. Index eu-eu/g-op (91%) defines the skull as ultrabrachycephalus, Hrdlička-Kočka index [ba-b/0.5*(g-op+eu-eu)] as metriocephalus (80.4%), the fronto-jugal index ft-ft/zy-zy (71.7%) -as very narrow, cranial breadth-height ba-b/eu-eu (84.4%) as tapeinocranius, palatal index enm-enm/ol-sta (86.3%) as brachostaphylinus and mandibular-face width index go-go/zy-zy (75%) as medium [20, 21] .
Dental analysis
The orthodontic assessment of the skull revealed a severe antemortem loss of dentition in the mandible and maxilla. In the maxilla, the only visible, symmetrically preserved teeth were the second molars, with a slight attrition on the occlusal surface.
On the Smith and Knight tooth wear scale, the score is 1 for right upper molar and 2 for left upper molar [19] . According to Brothwell scale, the studied individual was about 25-35 years old at the time of death [4] ; however, this estimation may be misleading, as the premature loss of dentition could result in reduced wear of remaining teeth.
The most probable cause of the premature and almost complete loss of the permanent teeth was periodontitis, as the calculus deposit on remaining teeth covers large surface, what may be connected to the gingival recession caused by this disease [3] .
In edentulous individuals pressure is distributed in a non-physiological manner, promoting further resorption of the lamina dura of alveolar arches [33] .
Moreover, in the preserved maxillary second molars alveolar bone atrophy was identified symmetrically on both sides of the alveolar arch. Only one-third of the root was embedded in the alveolus. During routine macroscopic analysis of the surface of the alveolar arches in skull No. 595 we also detected impacted teeth: the upper and lower left third molars.
In the left maxillary alveolar arch molar eruption through the posterior surface of the maxillary tuberosity was found on the left side from the lateral lamina pterygoid process (Figs. 2C; 3) . Its angulation is 60 o (which is defined as distoangular in Winter's classification [35] . The crown of impacted molar was above the apical third of second molar root and approximate to the maxillary sinus wall and therefore this tooth can be described using modified Archer's classification as class D [17] .
In the mandible, the third retained impacted molar was detected after the left ramus was accidentally broken. This revealed an abnormally positioned permanent molar, with the crown oriented down towards the mandibular corpus (Figs. 2D-F; 3) . Tooth crown is fully covered by the anterior border of the ramus. Its roots are fused into a single conical root, resulting in an enlarged pulp cavity. Due to the lack of neighbouring tooth, it is difficult to determine its precise angulation. However, it can be classified as "other" in Winter's classification (angulation over 100 o ). The positioning of mentioned molar and the density image of the bone structure around them corresponds with level C (the highest position of the impacted tooth is found below the cervical line of the adjacent molar), class III (tooth completely embedded in ramus) in the Pell and Gregory's system [9] .
DISCUSSION
Cases like this are rarely reported in paleopathological studies. Usually, retained tooth crowns face towards the top of the alveolar arch of the maxilla or mandible, following the direction of growth. In most cases (in modern studies), an impacted tooth is set in the vertical position in respect to second molar (about 38% of all impacted teeth, Fig. 1 ). Some researchers have suggested that the fracture of the mandibular ramus is considerably more frequent in individuals with impacted third molars, since they weaken the bone at the site, contributing to a thinning and weakening of the cancellous bone structure [14, 30, 31] . The lower third molars are usually impacted due to lack of space in the dental arch, misalignment or improper regulation of osteoclastogenesis and osteogenesis [27, 34] . Morphometric measurement allows classifying the examined skull as short, which could be the factor influencing the failed eruption of two teeth, however other factors (genetic or environmental) could not be excluded in our study.
Computer tomography imaging revealed that in skull No. 595 the third molar is located directly above the mandibular canal, at a very short distance from its upper wall. The position of the tooth could result in neuropathic pain, paraesthesias in the left gonial angle, or generalised headaches, due to compression of the inferior alveolar nerve [18] . Similar possible symptoms were described in our previous reports [7] .
The discussed impacted maxillary third molar is also abnormally positioned, with the crown oriented towards the pterygopalatine fossa, and the root apex towards the deeper layers of the cortical bone in the left corpus of the maxillary bone.
Such teeth impaction could have resulted in deterioration of the quality of life of the studied individual. Upper impaction may cause pain, swelling, inflammation of the lower head of lateral pterygoid muscle and damage of lingual nerve. Lower impaction could damage the inferior alveolar nerve, ulceration at check/tongue and bone loss leading to weakening it structure [29] . There is no unequivocal explanation for the primary cause of periodontitis found in this individual. There is no abnormal porosity on the greater wings of the sphenoid bone, which is typical for vitamin C deficiency [3] . X-ray imaging did not reveal any rarefactions typical for osteoporosis, moreover -the individual was relatively young (most probably less than 35 years old), whilst osteoporosis occurs mostly in elderly individuals [13] . Other possible causes, such as bacterial disease, alcohol overuse or diabetes [24] could not be excluded nor unequivocally confirmed.
CONCLUSIONS
In conclusion, it should be pointed out that the atypical impaction of the third molars in skull No. 595 could have significantly deteriorated the quality of life in the studied individual. The correct identification of malformations within the masticator system and attempts to estimate the effects of pathological tooth eruption in the craniological material from Czysty Square in Wroclaw, possible with the use of modern research methods, can be a valuable contribution to studies on the reconstruction of the health status of historical populations living in Wroclaw, and also complements observations and clinical studies in contemporary orthodontics.
